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FOREWORD

This report was prepared by the Boeing Commercial Airplane Company,
Renton, Washington, under Contract NAS1-14952. It is the ninth and
last quarterly technical progress report covering work performed between
23 May 1979 and 22 August 1979. The program is sponsored by the National
Aeronautics and Space Administration, Langley Research Center (NASA-LRC).

Dr. H. A. Leybold is the Project Manager for NASA-LRC.

The following Boeing personnel were principal contributors to the program
during the reporting period: G. N. Roe, Design; R. W. Johnson, Structural
Analysis; D. Grant, Production Manager; L. D. Pritchett, Technical

Operations Coordinator; and D. V. Chovil, Business Support Manager.
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SUMMARY

This is the last quarterly report for the advanced composites elevator
for the Boeing 727 commercial transport. Data and activities not included
in this report will be included in the program final report that is

scheduled for release at the end of the year.

Activities included completion of the repair manual, completion of testing
laminates and honeycomb panels cut from the verification hardware, and

completion of production activities.

The repair program has been defined, and is being circulated for approval.
Test results, from specimens taken from the verification hardware and
compared with the ancillary test program coupon data, indicate that

the production process produces an acceptable quality laminate. The

fifth and final shipset of elevators, tabs, and balance panels was
completed July 20, 1979. The assembly shop, along with tooling, has

been deactivated. Capability of reactivation for production is being

retained. The program is on schedule.
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SECTION 1.0

INTRODUCTION

The escalation of jet-fuel prices is causing a reassessment of technology

concepts and trades used in designing and buiiding commercial airplanes.

' The task is to incorporate fuel-saving concepts into commercial aircraft

design.

The potential weight savings and fuel reduction resulting from the
use of advanced composites in aircraft structure, especially primary
structure, are significant. However, the lack of technical confidence

and cost data has delayed their use in commercial aircraft.

Hardware programs conducted in a production environment are required
to establish and demonstrate the safety, operating-life characteristics,

and manufacturing cost of advanced composites structure.

Boeing's approach to the problem is to obtain reliable production,
technical, and cost data bases by the integration of advanced composites
technology development under NASA contracts, which, when combined with
company effort, will accelerate the application of advanced composites.
This approach addresses these data bases, developing realistic production
costs in a commercial transport manufacturing environment. Program
emphases were directed toward developing the information needed to
obtain an early production commitment decision by management, and the

program was conducted in a production environment.

Preliminary developments, as covered in the first quarterly report,
were devoted to conceiving, developing, and analyzing alternative design

concepts, and the preparation of a technical plan to aid in selecting
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and evaluating material, identifying ancillary structural development
test requirements, and defining full-scale ground-test and flight-test

requirements necessary to obtain FAA certification.

The program was built on precontract design activities as well as contracted

design activities that considered:

Program management and plans development
Establishing design criteria

Conceptual and preliminary design
Manufacturing process development
Material evaluation and selection
Verification test

Detail design

FAA approval plan definition

This report describes work accomplished during the ninth 3-month period
of the contract. Activities included completion of the repair manual,
completion of testing of verification hardware specimens, and completion
of production activities. These activities are described under the
headings; Design Analysis, Ancillary Testing, and Production and Opera-

tions. The overall program schedule status is summarized in Figure 1-1.
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SECTION 2.0
DESIGN ANALYSIS
This report will be the last quarterly report for this contract. The
design effort is complete. Only minor testing remains in the analysis

area, and production of the five and one-half shipsets was completed
July 20, 1979.

2.1 DESIGN
A drawing (65C17721) was released that details the specimens used in
testing repair techniques for the elevator. A preliminary copy of

the repair manual has been completed and is being circulated for approval.

2.2 ANCILLARY TESTING—CQUPONS AND ELEMENTS

2.2.1 Production Verification Hardware Coupon Tests

. Tests of sections of laminates and honeycomb panels cut from verifica-

tion hardware have been completed. (See Ancillary Test Plan, reference 1.)
The specimen configurations and the areas on the verification hardware,
where the specimens were cut from, are shown in drawing 65C17719 (see
appendix). Table 2-1, presents the test results. These test results,
when compared with the ancillary test program coupon data, indicate that

the production process produces an acceptable quality laminate. As noted

in Table 2-1, six specimens were fatigue loaded to 500 000 cycles at R = -1.0

at a maximum load equal to 257 of the static ultimate capability. These

specimens were then loaded statically to failure. When compared with similar

specimens, the residual test results indicate that cyclic loading to 25% of
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Table 2-1. Verification Hardware Coupon Test Results

Specimen Specimen Laminate | SPecimen width :&::‘:‘L Nominalarea | Failureload [ o .-\ | Hole diameter] Gross stress [N dul m»g":‘:
number tocation i - 2 ) type - 3 WormZ x| mmimm
65C17719) > mm | {in) | omm o[ (in) mm ind) | N | o) mm | tim | MPa | ubsindif GPa o6 | i)
-1 Front spar chord 1 25.43 [{1.0011| 2565 110.10) | 65.23 [{0.1011}{31 450(7070) Tension 4.724 §{0.186)] 482.2 |(69 931} 78.60 {11.4) 0.0061
-2 Front spar chord 1 25.35 ((0.9981( 2565 {{0.101 65.02 }(G.1008}{17 66043970 Compression| 4.750 {{0.187)] 271.6 {139 385} 78.60 (11.4) 0.0035 D
3 Front spar chord 1 25.43 }{1.001}| 2565 [(0.10V | 65.23 [{0.1011)[33 270§7480) Tension 4.750 |(0.187)f 510.1 |(73 9864 78.60 (1.4} 0.0065 >
-4 Front spar chord 1 25.43 [11.001)] 2565 |(0.301) | 6523 [(0.1011)}28 240{(6350) Tension 4.724 1(0.186)| 433.1 {162 809§ 78.60 (11.4) 0.0055
5 Rear spar chord 2 25.40 [{1.0001 | 0.762 1{0.030) | 19.35 [(0.0300}| 2 958 | (665) | Tension 4.750 [(0.187) 152.8 |(22 167§ 20.68 3.00 0.0074
6 Rear spar chord 2 -1 25.43 [11.001}| 0.762 1(0.030) | 19.38 {({0.0300) 4 937 11104 Compression) 4.775 110.188)] 255.1 |(37 000§ 20.68 3.0 0.0123 D
-7 Rear spar chord 2 25.37 110,999 | 0.762 [(0.030)} 19.33 [0.0300)| 2 615 | {588} | Tension 4.750 [(0.¥87Y 135.1 119 600} 20.68 {3.0) 0.0065 D
-8 Rear spar chord 2 b
9 Rib chord 3 2540 [(1.000)| 1905 1{0.075) | 48.39 [(0.0750} 13 300§2990} Comy 4.750 {{0.187) 274.9 [(39 867§ 49.64 7.2} 0.0055
10 Rib chord 3 2540 {{1.000)| 1905 [(0.075)] 4B8.39 [(0.0750){14 300§3215){ Tension 4.724 [(0.186); 2956 {142 867)] 49.64 7.2 0.0060
" Rib chord 4 2289 [(0901){ 1.727 | (0.0681| 38.53 }(0.0613110 385[(2335] Tension 4.750 [(0.187)] 236.8 [(34 338)| 43.44 6.3) 0.0055 J
12 Rit chord 4 22.86 [(0.900) [ 1.727 [(0.068} | 39.48 [(0.0612}[11 300{(2540} Compression| 4.293 |(0.169)] 257.5 137 353), 43.44 6.3 0.0059 |
13 Skin panel 5 76.40 |[{3.0081} 0.279 [10011)] 21.32 [(0.0330}} 1539} (346)| Beam 387.3 |i56 169)} 54.47 7.9) 90071 D ;
14 Skin panel S 76.45 1{3.0100§0.279 [©0011}}| 2133 }0.0330| 1503] (338} Beam 3783 k54 870 5447 {7.9) 0.0069 D o
15 Front spar weh 7 76.15 [(2.998) | ! 334 ((0.0525){ 101.58 |{0.15751(33 180 7460 Shear 2489 [{0.098) 326.6 {47 365 2930 i43) 00y
16 Skin edge band  ont spar 6 25.43 [(1.001) ] 1.702 [10.067)] 4328 [(00671}] 9 185K2065)| Tension 4.750 [(0.187)} 212.2 |30 775} 46.89 6.8) 0.0045
17 Skin edye band -tront spar 6 25.43 101 00N 43.28 {(0.0671){12 720{2860) Tension 4750 |t0.187)| 2939 K42623)1 46.89 6.8t 0.0063
18 Skin edge band  front spar 6 2543 [(1.001) 4328 }i0.06711[10 185{(2290)] Tension 4.775[10.188) 2353 (i34 128)] 4689 68 00050 D
19 Skin edye bamt front spar 8 25.40 |{1.000) 43.23 i0.0670}{10 275[(2310)| Tension 4 775(10.188)| 237 7 134 478)f 46 89 (6.8} 0.0051 D
20 Skin edye band - rear spar 6 2545 |{1.002) 4332 }10.0671)} 7 2051620 Commession| 4.775 [{0.188!| 166 5 |24 143)] 4689 6.8) 0.0036 D B>
21 Skin edge hand  rear spar 6 25.45 {(1.002} 43.32 {10,067 1){11 610426 10)|Conmpression| 4 801 [(0.189} 268 2 {138 897! 46.89 6.8} 0.0087 b
2 Skin edge band  rear spar 6 2540 [(1.000 43.23 [10.0670}|11 74002640 Compession} 4 750 |G 1871] 271 7 [(39 403)| 46.89 6.8) 0.0058
23 Skin exlge band  rear spar 6 2543 [11.001} 4328 [(0.0671H12 100127204 Commession| 4.775 {10.188} 2795 |40 536)| 46.89 6.8) 0.0060
24 Skin edge band b 6 2545 [(1.002) 43.32 1i0.0671}{12 790}12879)| Tension 4750 [10.187)] 295 4 1142 846) 57.23 8.31 0.0052
25 Skin edye band b 6 25.45 |(1.002) 4332 [10.0671)|11 700{2630§ Tension 4.750 |(0.187) 270.2 [{39195) 5723 831 0.0047
26 Skin edge band b 6 25.45 |(1.002) 4332 i0.067 113 48013030 Compression| 4 775 {(0.188)| 311.4 [(45 156)| 5723 831 | 00054
27 Skin ectge band -rib 6 2545 {(1.002) | 1,702 {0067 | 4332 |(0.0671}[11 650126204 Compressiont 4. 750 [10.187) 269.2 |(39 046)f 57 23 8.3 0.0047
28 Front spar weh 7 E>
29 Frant spar web 7 76.07 [{2.995)| 1.334 |(Q0525){ 10148 |0 15721|38 250}(8600)% Sheur 2515 [{0.099)[ 3772 |(54 7073t 2930 14.3) 0.0129
30 Skin panel 5 76.45 [(3.010) | 0.279 [(0.011) | 2133 [(0.0330}} 1 370}(308!| Beam 344.8 {i50 000} 54.47 (7.9 0.0063 D
31 Skin panel 5 76.48 [(3.0111{0.279 [(G011)] 2134 {(0.0330} 1 383[t311)|Beam 3481 |50 4871 5447 79 0.0064 b
32 Skin panel 5 76.45 1(3.010)|0.279 HOOW1) | 21.33 1(0.0330}] 1454}|{327)|Bean 366.0 {(53084)] 5447 (7.9 0.0067 D
33 Skin panel 5 76.48 [(3.0113]|0.279 {001V} | 2134 |{0.0330} 1517](341)|Beam 3817 {(55357f 5447 7.9 0.0070 D

D Residual strength after fatigue test

D Specimen lost during fabrication

D Invalid test, specimen did not fail in test section
D Structural laminate definition (see 656C17719)—all plies are

fabric except as noted

1— 10 plies 0° tape
6 plies +45°

2— 4 plies +45°
3— 4 plies +45°
6 plies 0/90°
4— 4 plies +45°
5 plies 0/90°
5~ 1 ply +45° Each

1 ply 90° tape| face
D Modulus in test direction

6— 2 plies 90° tape
4 plies +45°
4 plies 0/90°

Honeycomb panel: 13.97-mm (0.55-in) thick core—

0.279-mm {(0.011-in) thick face sheet

6 plies +45°
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the static ultimate load has no significant effect on the ultimate load

capability of the tested configuration.

2.2.2 Repair Specimens Test Plan

The repair program has been defined and the test plan is presented in
Table 2-2. The repair specimen is shown in Figure 2~1. This specimen
represents a repair for one face sheet with core damage. Test results from
this specimen will establish the ultimate inplane strength of the skin

panels with this size and type of repair, compared to an undamaged skin

Dimensions: mm

{in)

13.97 [
(0.55) ‘o
? 152.4
(6.0}
L 127.0 |
(5.0)
2 plies precured 762 __
graphite/epoxy cloth (3.0) 121°C (250°F)
/_ curing adhesive
lL [ Al /
x 4+
INEnIANEDERDDRE

‘\-r

—L
/ / -
Core splice Basic honeycomb panel

Figure 2-1. Four-Point Beam Honeycomb Repair Specimen (Drawing 65C17721)
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Table 2-2. Repair Test Prograin

Test condition

Specimen type Test Test temperature
: type Dry Wet
56°C 21°C 71°C
(-65°F) | (70°F) | (160°F)
D 3
Static
Baseline w 3
(65C17721-4)
D 3
Fatigue
w 3
D 3 3 3
Static
Damaged/repaired w 3 3 3
{65C17721-2)
D 3
Fatigue
w 3
D 3
Static
Impact damaged w 3
(65C17721-4)
D 3
Fatigue
w 3

Note: All specimens tested as four-point beam bending; wet conditioning

1.1 +0.1% moisture pickup in 2.29-mm (0.09-in) thick rider coupons

panel. The baseline and impact specimens will be the same size as the

repaired specimen.

The impacted specimen will be tested to determine the

residual strength of the elevator skin panel with visually detectable

damage. All specimens will be tested as four-point beams, and the repaired

and impacted area will be loaded in compression.

2.3 WEIGHT STATUS

The predicted weight status published in the seventh quarterly report is

unchanged.
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The fourth and fifth elevator system shipsets have been weighed. Component

and total weights, together with predicted weights, are as follows:

Number 4 Number 5
Component shipset shipset Predicted

Left-hand and 151.3 kg (333.6 1b) 151.5 kg (334.0 1b) 153.4 kg (338.2 1b)
right-hand ele-
vator surfaces

Left-hand and 6.7 kg ( 14.8 1b) 6.8 kg ( 14.9 1b) 6.8 kg ( 15.0 1b)
right-hand tab

assemblies

Left-hand and 29.1 kg ( 64.1 1b) 28.9 kg ( 63.8 1b) 29.1 kg ( 64.2 1b)
right-hand :

balance panels

Total elevator 187.1 kg (412.5 1b) 187.2 kg (412.7 1b) 189.3 kg (417.4 1b)
system/airplane )

% reduction 27.3 27.3 26.1

2.3.1 Graphite/Epoxy Elevator Repair Manual

The weight technology portion of the manual has been completed.



Boeing Commercial
Airplane Company
Contract NAS1-14952

SECTION 3.0

PRODUCTION AND OPERATIONS

3.1 ASSEMBLY PROGRESS

The fifth and final shipset of elevators, tabs, and balance panels
under the contract was completed July 20, 1979. Status of the five

and one-half shipsets fabricated is as follows:
° Left-hand test unit—in Engineering test laboratory
® Number 1 shipset—installed on Boeing flight test airplane

® Numbers 2 through 5 shipsets—in storage, awaiting FAA
certification and subsequent ‘
installation on line airplanes
for inservice evaluation (see
fig. 3-1).

Investigation into causes for recurrence of fiber breakout on shipsets
number 4 and number 5 external surfaces during drilling operations

was completed during the Eeport period. Indications were that the
primary contributing factor was the deletion of the polyurethane surfacer
that had previously been applied before the primer paint. The surfacer
had been eliminated for weight reduction purposes, effective on the
fourth shipset. In view of the weight savings, the limited number

of breakout occurrences, and the fact that countersink operations

clean up or bring breakout to within acceptable limits, no further

investigative action is planned and the surfacer will not be reinstated.
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| |

N The Assembly Shop area and Tooling have been deactivaled. Capability for
1~"~ reactivation for production is being retained.

N
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SECTION 4.0
REFERENCES
N 1. "Advanced Composite Elevator for Boeing 727 Aircraft," PFirst

e’ Quarterly Technical Progress Report, NASA Conéract NAS1-14952, August
T 1977
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